Interscalene blockade (ISB) is commonly associated with Horner's syndrome, indicating spread of injectate to the cervical sympathetic chain. Cervical sympathetic nerve activity (SNA) is believed to influence cerebral autoregulation, and a decrease in sympathetic tone may alter cerebral blood flow (CBF). This study investigated whether ISB influenced CBF in patients undergoing shoulder surgery. Patients (n=30) scheduled for elective shoulder arthroscopy were recruited. Cerebral oxygen saturation (ScO 2 ) of the left and right frontal cortices was continuously measured during ISB administration, sedation and anaesthetic induction. Baseline ScO 2 was similar in blocked and unblocked sides (74 ± 5% and 73 ± 5% respectively, P=0.70). ScO 2 decreased with sedation (-3 ± 3% and -4 ± 3%, P=0.93), and increased with pre-oxygenation and general anaesthesia (P <0.01). Following ISB there was no change in ScO 2 between blocked and unblocked sides (P=0.18), or any difference between right-or left-sided ISB. ISB is not associated with an increase in CBF as indicated by ScO 2 , despite the presence of Horner's syndrome.
Interscalene brachial plexus blockade (ISB) commonly produces Horner's syndrome, characterised by ocular miosis and ptosis, resulting from the diffusion of local anaesthetic (LA) to cervical sympathetic ganglia 1, 2 . Cerebral vessels are known to be richly innervated by fibres originating from these sympathetic ganglia 3 . Further, sympathetic nervous activity (SNA) is believed to regulate cerebral autoregulation 4, 5 via reflex changes in cerebral vascular tone and cerebral blood flow (CBF) [6] [7] [8] [9] . The effect of interscalene anaesthesia on SNA and CBF is unknown. Importantly, a reflex increase in cerebral perfusion may potentially be neuroprotective, particularly in patients where the risk of silent cerebral ischaemia exists 10, 11 . In shoulder surgery in the beach-chair position, for example, concern remains that patients placed into an upright position are at risk of cerebral injury. In this group of patients, cerebral oxygen saturation (ScO 2 ) has recently been used to monitor the adequacy of cerebral oxygen delivery during beach-chair positioning 13, 14 . The aim of this study was to investigate the effect of ISB on ScO 2 in patients undergoing shoulder surgery in the beach-chair position.
Methods
This prospective study was performed on 30 patients scheduled for elective beach-chair position shoulder arthroscopy. These patients were part of a larger study, approved by our Institutional Ethics Committee (Avenue Hospital HREC 127), and registered as a clinical trial (ANZCTR No. 12613000531718). Informed written consent was obtained from all patients. Exclusion criteria included a history of cerebrovascular event, significant cardiac disease or symptomatology, carotid endarterectomy, contraindications to ISB, or a body mass index (BMI) greater than 35.
Before induction patients were placed in a quiet environment, warmed Hartmann's solution (15 ml/kg) was administered intravenously and body temperature maintained with a forced air warmer. The radial artery was cannulated for continuous arterial pressure monitoring. Near Infrared Spectroscopy (NIRS) optode sensors (EQUANOX™ 7600, Nonin, Plymouth, MN, USA), were placed bilaterally on each forehead. ScO 2 was continuously monitored and displayed as left and right frontal lobe values. Baseline measurement of ScO 2 , pulse oximetry, heart rate (HR) and blood pressure was made whilst inspiring room air. The patient was then gently positioned and ISB was performed using ultrasound guidance (0.75% ropivacaine, 25-30 ml). Injectate was targeted adjacent to the C5 and C6 nerve roots. At 20-30 minutes the upper limb block was clinically assessed and the presence of Horner's syndrome noted. Patients were then sedated with midazolam 0.05 mg/kg followed by pre-oxygenation (oxygen:air, FiO 2 0.5). General anaesthesia was induced with fentanyl (1 µg/kg), propofol (1.5-2.0 mg/kg) and rocuronium (0.5 mg/kg). The trachea was intubated, and positive pressure ventilation commenced with end-tidal carbon dioxide (ETCO 2 ) maintained at 35-40 mmHg. Anaesthesia was standardised by targeting end-tidal sevoflurane concentration (Et SEVO ) to 1.5%. Bispectral index monitoring was performed (BIS Vista™, Aspect Medical, MA, USA). ScO 2 , mean arterial pressure (MAP) and HR were recorded at the following times: 10-15 minutes following midazolam sedation, 5 minutes after pre-oxygenation, with induction and commencement of controlled ventilation, and 10-15 minutes post-induction when MAP and HR had stabilised. Temperature was measured via a nasopharyngeal temperature probe.
Statistical analysis
Values are mean (SD). A 5% change in ScO 2 measurement was used as an effective difference between groups; the required sample number was at least 20 patients. Over the study period we recruited 30 patients. ScO 2 measurement (mean ± SD) was compared between the side receiving ISB ('blocked side') and the contralateral side ('unblocked side') using a paired Student's t-test. The sequence of ISB insertion, sedation, pre-oxygenation and induction of anaesthesia was then compared between sides using repeated measures analysis of variance (RM-ANOVA).
Results
ISB was performed in 30 patients with more blocks performed in males and on the right side (Table 1) . Baseline ScO 2 on breathing air was similar (74 ± 5% and 73 ± 5% for blocked and unblocked sides respectively, P=0.70). Following ISB all patients were noted to have an ipsilateral Horner's syndrome. At this time ScO 2 was not statistically different between blocked and unblocked sides ( Figure 1 ). Following midazolam sedation, values decreased bilaterally (-3 ± 3% and -4 ± 3% respectively, P=0.93). Pre-oxygenation and induction of general anaesthesia increased ScO 2 significantly from baseline (76 and 79% respectively, P <0.01), but no difference in ScO 2 was observed between sides (RM-ANOVA 
Discussion
This study has demonstrated cerebral oxygen saturation to vary during intravenous sedation, pre-oxygenation and induction of general anaesthesia, a response that is unaffected by ISB. An ipsilateral increase in cerebral oxygen saturation was not observed following ISB, despite the presence of Horner's syndrome. Cadaveric studies demonstrate communication between several interfascial planes within the neck. The prevertebral interlaminal space, for example, enables communication between scalenus anterior, the brachial plexus, spinal nerve roots and the epidural space. The presence of Horner's syndrome indicates spread of LA to the sympathetic chain, but this degree of sympatholysis was not associated with an observable change in ScO 2 . The cervical sympathetic trunk, comprising superior, middle and inferior ganglia, lies on the prevertebral fascia behind the carotid sheath, in close proximity to the spinal roots of the brachial plexus.
Horner's syndrome results from blockade of ascending preganglionic neurons originating in the spinal cord. Fibres travel within the sympathetic trunk to synapse with neurons within the superior cervical ganglion, which subsequently innervate the cerebral vasculature via the internal carotid plexus. Since LA spread is determined primarily by needle position and injectate volume, a possible explanation of our findings could relate to our targeted injection technique. There is evidence to suggest that without blockade of the superior cervical ganglion, cerebral blood flow remains unaltered. By discretely targeting the C5 and C6 nerve roots, LA spread is likely to have been directed towards the stellate ganglion adjacent to longus colli, possibly sparing the superior ganglion. Of note, other peripheral ganglia, including the otic, sphenopalatine and trigeminal ganglia, contribute to the 'extrinsic' neural innervation of cerebral vessels.
Despite a number of studies indicating stellate ganglion block to be associated with increased CBF [6] [7] [8] [9] , controversy remains as to the specific role of cervical SNA on cerebral autoregulation 18, 19 . Beat-to-beat variation in stroke volume or pulse pressure does alter baroreceptor SNA, to regulate systemic arterial blood pressure via reflex changes in regional perfusion 20 . Whilst stellate ganglion block may decrease cerebrovascular resistance, cerebral PCO 2 reactivity and autoregulation appear to remain intact 9 . A current belief is that cervical SNA functions to regulate the cerebral microcirculation only during extreme fluctuations in blood pressure, rather than having a beat-to-beat influence on cerebral vascular tone 5 . Animal studies demonstrate baroreceptor SNA increases with hypertensive surges during REM sleep, with reflex cerebral vasoconstriction postulated to protect the brain 21 . Autonomic tone appears, therefore, to play a central role in the integration of systemic and cerebral vascular responses.
An important aspect of this study is the finding that NIRS measurement of ScO 2 remained unaltered during ISB. This is especially relevant since interscalene anaesthesia has the potential to increase scalp bloodflow. Following stellate ganglion block for example, MRI studies demonstrate scalp vasodilation occurs, whilst intracranial vessel tone appears unchanged 22 . Alteration of scalp bloodflow either from vasoconstriction, dilation, or indeed venous congestion, may all potentially contaminate NIRS signalling leading to inaccuracy 23, 24 . Davies et al has demonstrated significant inter-device variability in this regard 24 , and this limitation has questioned the efficacy of cerebral oximetry as a neuroprotective monitor.
Cerebral oximetry has developed a number of clinical applications, but the mainstream use of this technology has been limited by such concerns 25 . Validation studies presented by commercial companies demonstrate cerebral oximetry responds appropriately to cerebral hypoxia for example 26 , but variation in dynamic response and accuracy between units does exist 27 . Individual ScO 2 values are calculated from algorithms based on fixed ratios of cerebral mixed venous to arterial blood within cortical tissue. Whether clinical conditions that alter cerebral venous content contribute to ScO 2 inaccuracy is uncertain. Further, vasopressors used to defend cerebral perfusion pressure also appear to decrease ScO 2 15, 28 . A direct vasopressor effect on scalp bloodflow, or alternatively reflex cerebral vasoconstriction, or alteration in cerebral venous content may partially explain this observation. Such influences on ScO 2 responsiveness make the comparison of clinical outcome studies difficult.
In beach-chair position surgery the routine use of cerebral oximetry has been advocated 29 , since this position is commonly associated with hypotension and cerebral desaturation 13, 15 . Upright positioning itself is associated with spinal CSF displacement, and importantly changes in CBF, cerebral venous drainage and cerebral arterial to venous blood volume, which may potentially impact on NIRS signalling 30 . Despite the observation of beach-chair position desaturation, the incidence of neurological injury remains rare 31, 32 . Current clinical practice may explain this, with MAP commonly maintained around 70 mmHg, enabling CBF to be adequately autoregulated 33, 34 . Notwithstanding, cerebral injury during beach-chair position surgery is a recognised and potentially devastating outcome 35 . At present, the relevance of cerebral desaturation, identification of ischaemic ScO 2 threshold, and the effect on patient outcome during beachchair position surgery continues to warrant investigation.
Whilst cerebral oxygen saturation is purported to be a measure of 'cerebral oxygenation', it is essentially an indirect measure reliant on the interaction between near infra-red light and cerebral tissue absorption, reflection and scatter. ScO 2 measurement is specifically determined by the differential absorption of oxy-and deoxyhaemoglobin. Haemoglobin oxygen saturation itself is determined by the complex interplay between cerebral blood flow, oxygen supply and tissue metabolism. Understanding the limitations of this technology is essential in establishing its role as a neuroprotective monitor. This ultimately determines validity in predicting immediate complications and the long-term outcome for patients.
In conclusion, awareness of signal artefact is an important consideration when interpreting changes in cerebral oxygen saturation during anaesthesia. We have demonstrated that the clinical finding of Horner's syndrome following ISB is not associated with a change in cerebral oxygen saturation.
